Polysialic acid regulates the clustering, migration, and neuronal differentiation of progenitor cells in the adult hippocampus.
Newborn cells of the adult dentate gyrus in the hippocampus are characterized by their abundant expression of polysialic acid (PSA), a carbohydrate attached to the neural cell adhesion molecule (NCAM). PSA+ newborn cells of the dentate gyrus form clusters with proliferating neural progenitor cells, migrate away from these clusters, and terminally differentiate. To identify the roles of PSA in the development of adult progenitors of the dentate gyrus, we injected endoneuraminidase N (endoN) into the hippocampus of adult rats to specifically cleave PSA from NCAM. Two days later, we administered the mitotic marker, 5-bromo-2'-deoxyuridine (BrdU). Three days after BrdU injection, BrdU+ cells were found inside and outside the clusters of newborn cells. In endoN-treated animals, the total number of BrdU+ cells was not changed but significantly more BrdU+ cells were present within clusters, suggesting that PSA normally facilitates the migration of progenitors away from the clusters. Seven days post-BrdU injection, endoN-treated animals had significantly more BrdU+ cells which were also positive for the mature neuronal nuclear marker NeuN compared with controls, indicating that the loss of PSA from progenitor cells increases neuronal differentiation. This report is the first demonstration that PSA is involved in controlling the spatio-temporal neuronal maturation of adult hippocampal progenitors in the normal brain. In vitro, the removal of PSA from adult-derived neural progenitors significantly enhanced neuronal differentiation, strengthening our in vivo findings and indicating that PSA removal on isolated progenitor cells, apart from a complex in vivo environment, induces neuronal maturation.